DESCRIPTION 



NOVEL HAIRPIN POLYAMIDE 



CLAIMS 

1 . A hairpin polyamide having an alkylation reaction site via a vinyl linker on the 
terminal of a pyrrole-imidazole polyamide. 

2. The hairpin polyamide according to Claim 1 wherein the hairpin polyamide 
compound represented by Formula [1]: 



is a 




in which R l is an alkylation reaction site, R 2 is a hydrogen, an alkyl group or an 
acetamide group, and k, p, q, m and n represents a natural number respectively. 
3. The hairpin polyamide according to Claim 2 wherein the compound 
represented by Formula [ 1 ] is a compound represented by Formula [2] : , 



1 




in which R is a hydrogen, an alkyl group or an acetamide group, and k, p, m and n 
represents a natural number respectively. 

4. The hairpin polyamide according to Claim 3 wherein the compound 
represented by Formula [2] is a compound represented by the following structural 
formula: 




5. The hairpin polyamide according to Claim 3 wherein the compound 
represented by Formula [2] is a compound represented by the following structural 
formula: 
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6. ..The hairpin polyamide according to Claim 3 wherein the compound 
represented by Formula [2] is a compound represented by the following structural, 
formula: H 




7. The hairpin polyamide according to Claim 3 wherein the compound 
represented by Formula [2] is a compound represented by the following structural 
formula: 




8. The hairpin polyamide according to Claim 2 wherein the compound represented 
by Formula [1] is a compound represented by Formula [3]: 




in which R is a hydrogen, an alkyl group or an acetamide group, and k, p, q, m and n 
represents a natural number respectively. 

9. The hairpin polyamide according to Claim 8 wherein the compound 
represented by Formula [3] is a compound represented by the following structural 
formula: 




10. An agent inhibiting the expression of a specific gene which comprises a hairpin 
polyamide according to any of Claims 1 to 9. 

11. An agent according to Claim 10 wherein said specific gene is an abnormal 
gene. 

.12. An agent having an anti-cancer activity which comprises a hairpin polyamide 
according to any of Claims 1 to 9. 

FIELD OF THE INVENTION 

The present invention relates to a novel and very useful hairpin 
pyrrole-imidazole polyamide which inhibits the expression of a specific gene and which 
has a high anti-cancer activity. 
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BACKGROUND OF THE INVENTION 

In these days, almost all human gene sequences have been analyzed, and a 
molecule having a specific function directed to a specific certain base sequence draws 
an attention of many researchers. For example, Dervan et al. discovered that a pyrrole 
(Py)-imidazole-(Im) polyamide oriented in opposite directions was bonded to a minor 
group of a DNA in a base sequence-specific manner (Bioorg. Med. Chem. 2001, 9, 
2215; Cuir. Opin. Str. Biol. 1997, 7, 355; J. Am. Chem. Soc. 1997, 119, 7636 and the 
like). Since such a molecule has a binding constant and a specificity comparable with 
those of a transcription factor (J. Am. Chem. Soc. 1998, 120, 3534; J. Am. Chem. Soc. 
1998, 120, 6219 and the like), it is employed actually in the investigation with regard to 
the control of a gene expression (Nature, 1997, 387, 202; Proc. Natl. Acad. Sci. USA 
1998, 95, 12890 and the like). Nevertheless, the target sequences to which the 
polyamide is bonded are limited since the control of the gene expression is effected by 
means of the inhibition of the binding of the transcription factor (J. Am. Chem. Soc, 
2000, 122, 4856). 

The present inventors have previously developed and applied' for patent a 
hybrid molecule 1 which is obtained by binding a segment A (Du) as an alkylation site 
of duocarmycin A to a Py-Im polyamide (WO00/15641). This hybrid molecule 1 has 
an ability of recognizing a sequence and alkylating one site in the DNA fragment of 450 
base pairs by Py-Im polyamide (J. Am. Chem. Soc, 1999, 121, 4961). However, the 
reaction sequence-specific alkylation of a DNA by the molecule 1 takes 1 week or 
longer to complete, and its reaction efficiency is as low as 7%. 
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The present inventors also have discovered that an ImPyLDu86 (wherein L 
represents a vinyl linker; the same applies to the following description) inserted 
between the alkylation reaction site and the Py-Im polyamide forms a dimer to react 
specifically in a sequence of PyG(A/T)CPu at the both chains locating apart by 5 bases 
from each other (JP 2000-281679; J. Am. Chem. Soc. 2000, 122, 1602). At this time, 
the inventors made a change into the segment A of Du86 which is a cyclopropylindole 
(CPI) for the purpose of increasing the stability of the alkylating moiety. This 
compound was revealed to induce the alkylation in 70% of the ImPyLDu86 employed 
and allow the reactivity and the efficiency to be increased dramatically as a result of the 
introduction of the linker. 

PROBLEMS TO BE RESOLVED BY THE INVENTION 

An objective of the invention is to provide a pyrrole-imidazole 
polyamide-based functional molecule having further higher DNA-alkylating ability and 
sequence-recognizing ability on a specific base sequence located on a DNA when 
compared with a conventional functional molecule of this type. 

MEANS OF SOLVING THE PROBLEMS 

The invention relates to a hairpin polyamide having an alkylation reaction site 
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via a vinyl linker on the terminal of a pyrrole-imidazole polyamide. 

The invention also relates to an agent inhibiting the expression of a specific 
gene which comprises a haiipin polyamide described above. 

Further, the invention relates to an agent having an anti-cancer activity which 
comprises a hairpin polyamide described above. 

MODE OF OP ERATION OF THE INVENTION 

A hairpin polyamide of the invention described above may for example be a 
compound represented by Formula [1]: 




in which R 1 is an alkylation reaction site, R 2 is a hydrogen, an alkyl group or an 
acetamide group, and k, p, q, m and n represents a natural number respectively. 

In the Formula [1] shown above, the alkylation reaction site represented by R 1 
may be any group as long as it has both of the alkylating ability arid the 
sequence-recognizing ability on a specific base sequence existing on a DNA, and may 
for example be a residue of the segment A (Du86) of Du-86 which is a CPI represented 
by the following structural formula: 
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H O^ c02CH3 

W 0H3 



or a residue of l^^^a-tetrahydrocyclopropatcjbenztej-indole^-one which is a CBI 
represented by the following structural formula: 




In the Formula [1], the alkyl represented by R 2 may for example be a straight 
or branched lower alkyl group having 1 to 20, preferably 1 to 10, more preferably 1 to 6 
carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, 
pentyl, hexyl groups and the like. 

A natural number represented by each of k, p, q, m and n is usually 1 to 10, 
preferably 1 to 5. 

A compound represented by Formula [1] may for example be a compound 
represented by Formula [2] : 




CH 3 
N 



n 

i 

CH. 




- — N 




[2] 



in which R 2 is a hydrogen, an alkyl group or an acetamide group, and k, p, q, m and n 
represents a natural number respectively. 

Examples of the compound represented by Formula [2] are a hairpin polyamide 
represented by the following structural formula: 
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H 




N ^N^CH 3 

a hairpin polyamide represented by the following structural formula: 

YVt h 



H N-^.. 

NHC0CH3 

and a hairpin polyamide represented by the following structural formula: 
H 



< o 1 1 0 1 ft H 



H N^^N; )> O I 0 



.CO2CH3 
CH 3 



Other examples of the compounds represented by Formula [1] may for 
example be a compound represented by Formula [3] : 
0. 



N 





[3] 

L J^R a 

in which R 2 is a hydrogen, an alkyl group or an acetamide group, and k, p, q, m and n 
represents a natural number respectively. 

An example of the compound represented by Formula [3] is a hairpin 
polyamide represented by the following structural formula: 
H 



H N-^ 



The synthesis of a hairpin polyamide of the invention is outlined in the reaction 
scheme 1 with referring to Compounds 13 and 14. 

In the reaction scheme 1, the synthesis of a conventional hairpin polyamide 
(Compound 12) employed for the purpose of comparison is also included. 
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in i, ii 



N p V-4 H 



i 6 

R = CH 3 :4(94%) 



<R=H: 



5 (85 %) 



OzN^ 



_ WW 



IV, v 



i 6 

8c (83 %) 



I O 



1 0 ^COzCHa 



.C02CH 2 CH 3 



H 




8a 



R=OCH 3 :9a (49%) 
; 10a (86%; 
11a (95%) 



vii ( 

) R = OH : 10a (86%) 

viii ( 
v R = lm: 



12 (49%) 



N CH 3 



OzN 



H 



N 

I 

8b 
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13 (50%) H 




COzCHa 
CH 3 



R = OCH 2 CH 3 : 9b (69%) 
R = OH :10b (51%) 



OzN 



WW 



R= lm: 11b (94%) 



, R = OCH 2 CH 3 :9c(28%) H 
VII f 

^R = OH :10c (50%) 
VIM x R = lm : 11c (94%) 



14(51%) 



O 

6 




I VCH 3 
H 



N CH 3 
H 3 



condition : (i) Pd-C, H 2 , MeOH-AcOEt ; (ii) 3, FDPP, 'PrgNEt DMF ; (iii) NaOH, H 2 0; (iv) Pd-C, NaBH 4 , MeOH-AcOEt; 
(v) 7, FDPP, 'PigNEt DMF ; (vi) 5, FDPP, l Pr 2 NEt i DMF ; (vii) DBU, H 2 0; (vm) I.V-carbonyldiimidazole, DMF; (ix) Segment 
A of DU-86, NaH, DMF. 
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Thus, the coupling of Compounds 2 and 3 was conducted using a commercially 
available FDPP to synthesize a triamide 4, which is then hydrolyzed to yield a 
carboxylic acid 5, which was used as a common part corresponding to the half on the 
side of the N terminals of Compounds 12 to 14. As a result of the coupling of 
Compounds 8a-c with Compound 5, whereby synthesizing hairpin esters 9a-c. As the 
alkylation site, the segment A of DU86 which is stable under the condition of the 
coupling with the polyamide moiety was used to synthesize Compounds 12 to 14. The 
final compound was aliquoted and purified by an HPLC, and identified for its structure 
by NMR and an electrospray mass spectrum. 

Long chain DNA T400 bp Valkvlating ability 

The reaction of the hairpin polyamides 1 and 12 to 14 with a DNA was 
investigated using a long chain DNA (pUC-I*). The alkylation reaction was continued 
for 24 hours and a sequence gel electrophoresis was conducted for the analysis. The 
results are shown in Figure 1 . 

ImPyPy-y-ImPyPyDu (1) employed as a reference control reacted selectively at 
G in the 5'-GTCAG-3' sequence in Site 3. On the other hand, the alkylation of 
ImPyPy-y-ImPyPyDu86 (12) was not observed at 100 nM to 12.5 nM (lanes 5 to 8). 
Even when the concentration was elevated to 10 uM, the DNA never disappeared, and 
showed no occurrence of the alkylation. These findings suggest that the Du has a 
higher reactivity than the Du86. On the other hand, ImPyPy-y-ImPyLDu86 (13) 
formed by deleting one pyrrole molecule and inserting a vinyl linker exhibited a more 
excellent alkylating ability, and not only reacted at A in the GTCAG sequence of the site 
3 (Lane 9 to 12) but also resulted in the disappearance of almost all starting DNA at 100 
nM (lane 9). In addition, while ImPyPy-y-ImPyPyLDu86 (14) formed by inserting a 
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vinyl linker to the ImPyPy-y-ImPyPy exhibited a slightly reduced reactivity when 
compared with Compound 13, the alkylation occurred at the match sites 7 and 4 whose 
predominantly alkylated base sequences were different from G of the GTCAG sequence 
at the site 3 and also at the mismatch site 2, which exhibits the sequence specificity is 
different from that of Compound 1 (Lanes 13 to 16). These results were considered to 
be due to an increased freedom near the Du86. In the description made above or below, 
a -y- means a y-aminobutyric acid residue. 

In order to investigate the difference in the reactivity between Compounds 1 
and 13 in more detail, the alkylation within a short period was analyzed. Interestingly, 
the results indicated that Compound 13 caused the alkylation even in the reaction for a 
time period as short as 5 minutes while Compound 1 caused no reaction even after one 
hour. These findings indicate that Compound 13 had a sequence-specific DNA 
alkylation velocity which was increased dramatically against DNA when compared with 
Compound 1 (Figure 2). 

Short chain DNA f 10 bp! alleviation 

In order to clarify the reactive base site in an alkylation site, the alkylation with 
Polyamides 12, 13 and 14 was investigated by an HPLC using DNA oligomers 
5-CAAGTCAGAG/ 5 -CTCTGACTTG as substrates. The results are shown in Figure 
3 . While the polyamides exhibited various reactivities, all exhibited the peaks possibly 
attributable to the alkylated forms as the reaction was advanced. Also by decomposing 
the oligomers by heating and investigating the degradation products of the oligomers by 
the method which the inventors reported previously (Tetrahedron Lett. 1990, 31, 7197; 
Tetrahedron Lett. 1 993, 34, 2179 and the like), it was proven that the alkylation reaction 
occurred at the site indicated by an arrow. Also with regard to the reactivity oh the 
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oligomers, the reactivity of Compound 12 was proven to be extremely poorer when 
compared with Compound 1 (13% after 17 hours, Figure 3). These findings may be 
attributable to the difference in the reactivity between the Du and the Du86 similarly to 
the reactivity on the long chain DNA. On the contrary, Compound 13 exhibited a 
dramatically increased reactivity (75% after 5 minutes). This indicates that the 
DNA-alkylating ability is influenced by the position in the DNA minor group more 
significantly rather than by the reactivity of the alkylation site (Du86). In view of only 
the reactivity on the short chain DNA, Compound 14 (46% after 2 hours) was almost 
equivalent to Compound 1 and poorer than Compound 13. 

Based on the results described above, a molecular design like Compound 13, 
i.e., the presence of the vinyl group between the imidazole-pyrrole hairpin polyamide 
and the CPI alkylator, was proven to contribute greatly to the dramatic increase in the 
DNA-alkylating ability. It was also proven that the combination of the vinyl group 
with the segment A functioned efficiently also for the base sequence recognition by the 
DNA-alkylating agent. The hairpin polyamides 13 and 14 synthesized here are the 
base sequence-specific alkylating agent having high DNA-alkylating abilities, and the 
results of the investigation with regard to the gene expression control and the 
anti-cytostatic activity on a cancer cell are described below. 

Molecule design of sequence-specific alkylating agent having wider recognizable base 
sequence 

As a functional molecule having a wider span of the recognizable sequence, an 
AcImImPyPy-y-ImPyPyLDu86 (15) formed by adding an imidazole ring to the N 
terminal of Compound 14 was designed. Also for verifying the effect of the N 
terminal on the alkylation, an acetyl group was deleted to design an 
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ImImPyPy-Y-]jiLPyPyLDu86 (16). The synthetic method was similar to the scheme 1, 
and the carboxylic acids 17 and 18 and the amine form 19 were subjected to the 
coupling using FDPP to synthesize Compound 20, and Compounds 15 and 16 were 
yielded after the coupling with Compound 8c. The final compound was aliquoted and 
purified by an HPLC, and identified for its structure by an NMR and an electrospray 
mass spectrum (scheme 2). 

x >-n H h 2 n 1\n h 

X = NHCOCH 3 :17 19 ' 

X = H :18 /R = CH 3 :20 

H ^R=H:21 

X = NHCOCH 3 :15 
X = H :16 

For the purpose of comparing the hairpin polyamides 14, 15 and 16, the DNA 
aUcylation reaction employing a long chain DNA (pUC-II) was conducted. The . 
reaction was continued for 24 hours, and analyzed by a sequence gel electrophoresis, 
and the results indicated that the sequencerspecific alkylation was observed , at 
S'-TGACCA-S' at respective nM concentrations (Figure 4). 

Interestingly, Compound 14 also caused the alkylation of a match sequence 
5'-TGACCA-3 ! , but its reactivity is far lower than those of Compounds 15 and 16, and 
also caused the alkylation of a mismatch sequence. It is clear that the freedom near the 
Du86 resulted in a reduction in the sequence-recognizing ability. On the other hand, 
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there was almost no influence by the removal of the N terminal acetyl group. The 
molecular designs of Compounds 15 and 16 contain the sequence-recognizing ability 
based on the Im-Py recognition, rule, .and the recognizable base sequence can be altered 
by changing the position of the imidazole-pyrrole. Such a sequence-specific alkylating 
agent having both of a base sequence-recognizing ability and a high DNA-alkylating 
ability has not been identified heretofore. 

Molecule design of sequence-specific alkylating agent for higher practicability 

Each of the functional molecules 13, 14, 15 and 16 developed by the inventors 
as described above is an ideal sequence-specific alkylating agent having both of a 
highly excellent base sequence-recognizing ability and a high DNA-alkylating ability 
expressed at a level of nM concentration. Moreover, by altering the position of the 
imidazole-pyrrole, the recognizable sequence can be changed. Nevertheless, any of 
these compound is somewhat problematic when intended to be produced on a large 
scale since its DNA-alkylating site employs the segment A derived from duocarmycin 
B2 which is a natural product 

With this regard, the inventors considered that this problem can be solved by 
replacing the Du86 with CBI:1, 2, 9, 9a-tetrahydrocyclopropa[c]benz[e]indole-4-one 
(22), the method for synthesizing which had already been reported by Boger et al. (J. 
Org. Chem. 1992, 57, 2873; J. Org. Chem. 1995, 60, 1271 and the like). The benefit of 
using CBI includes the ability of using commercially available 
1,3-dihydroxynaphthalene as a starting material and the ability of providing both 
enantiomers by an optical resolution. Accordingly, the inventors newly synthesized 
Compound 23 by replacing the Du86 part of Compound 16 with CBI. Then the 
inventors evaluated the DNA-alkylating ability using a long chain DNA (pUC-II). The 
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results are shown in Figure 5. 

As a result, CBI was found to be capable of effecting a sequence-specific 
alkylation which is comparable with that of the segment A of the Du86. This 
replacement with CBI is considered to be applicable to the sequence-specific alkylating 
agent the inventors have been developed. 

The inventors found to bind an already existing Im-Py hairpin polyamide to 
CBI via a vinyl linker. This vinyl linker-mediated binding gives an optimized 
molecular design, which is a significant factor for obtaining a sequence-specific 
alkylating agent. These findings allow the sequence-specific alkylating agent 
developed by the inventors to be used practically and widely. 

Application of Pv-Im polyamide as base sequence-specific alkylating agent 

(i) Possible utility as gene expression-controlling tool - for developing a novel gene 

knockout method 

A method for controlling the expression of a certain gene artificially may for 
example be an antisense method in which a DNA derivative complementary with an 
mRNA which is a gene transcription product is administered to inhibit the translation 
into a protein and a lipozyme method in which the mRNA is cleaved in a 
sequence-selective manner, with the former being brought into a practical use in the 
form of an eyedrop formulation against a cytomegalovirus in HTV patients. A method 
for inhibiting the gene transcription steps may for example be an anti-gene method for 
forming a triple-stranded chain with the double-stranded DNA targeting an 
oligonucleotide derivative, for which several venture companies have been established 
in the United States. However, this method has not been brought into a practical use 
since the targeted base sequence is limited to the region in which A and G are aligned 
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consecutively and also since an oligonucleotide is difficult to migrate into a nucleus. 

In contrast, a Py-Im polyamide enables any selection of the targeted base 
sequence and exhibits very excellent, permeation into the cell membrane or nuclear 
membrane, and thus is assumed to be an efficient molecule with potential capable of 
controlling the gene expression. In fact, Dervan et al. reported that a pyrrole 
(Py)-imidazole (Im) polyamide was used to control the expression of a gene. 
Nevertheless, the gene expression control by Dervan et al. is effected by means of the 
inhibition of the transcription factor binding, which practically limits the target 
sequences to which the polyamide is bound. Since the Py-Im polyamide having an 
alkylating ability is bound to a DNA in a sequence-specific manner, it is considered to 
be capable of controlling the expression of a certain gene efficiently not only in a 
regulatory region but also in a protein-encoding region. Accordingly, such a molecule 
is assumed to be utilizable for investigating the functions of an unknown gene as a 
knockout gene method required in this post-genome period as well as for producing a 
tailor-made pharmaceutical. Since the Py-Im polyamide having an alkylating ability is 
bound covalently to a DNA in a sequence-specific manner, it is considered to be 
possible to control efficiently even in the region encoding the expression of a certain 
gene protein (Figure 6). This means the possibility of selecting any sequence as a 
target outside of the regulatory region in which the targets mostly resemble each other. 

Such a benefit gives a possibility of being used as a novel anti-cancer agent 
based on the molecular biology of a disease. Thus, a method employing as a target a 
gene known to play an important role as an anti-cancer agent in a cell, such as ras 
oncogene, cell cycle-regulating E2F gene, telomere region or telomerase gene may be 
included. 

While an experiment using a GFP protein expression coding region together 
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with a T7 promoter and a T7 polymerase is conducted currently as an early stage 
experiment, an mRNA produced by the transcription inhibition of a polymerase 
attributable to the sequence-specific alkylation of Compound 13 effected on the adenine 
in the 387nt position in this coding region was observed successfully (Figure 7). The 
condition of the experiment has not been established yet, and a further detailed analysis 
of the transcription inhibition mechanism is required. Nevertheless, these results 
indicated for the first time that a sequence-specific alkylating agent has an ability of 
inhibiting the transcription specifically in a coding region, and are considered to have a 
great significance. It leads to a breakthrough toward the development of a novel 
knockout gene method. 

(ii) Effect of sequence-specific alkylating agent on anti-cytostatic effect - for 
development of tailor-made anti-cancer agent 

As a result of the investigation of the cytostatic activity of various Py-Im 
polyamides synthesized by the inventors each having a sequence-specific alkylating 
ability on 39 human cultured cancer cell lines (the cytostatic activity on 39 types of 
human cultured cancer cell lines was evaluated by T. Yamori in Cancer Chemotherapy 
Center of Japanese Foundation for Cancer Research), several interesting facts were 
revealed. The first is the proportional relationship between the DNA-alkylating ability 
and the cytostatic activity (Figure 8). For example, the mean IC 50 values of ImPyDu 
(-4.59), ImPyDu86 (-5.95) and ImPyLDu86 (-8.25) were reduced gradually as the 
DNA-alkylating ability was increased. It is especially noteworthy that a dramatic 
increase in the cytostatic activity due to the location of the vinyl linker between the 
imidazole-pyrrole polyamide and the Du86 was observed also when using an analogous 
sequence-specific alkylating agent (PyPyLDu86, PyPyPyLDu86, ImPyPyLDu86). 

A further interesting result was obtained when comparing the fingerprint 
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patterns indicating the cytostatic activity of the hairpin sequence-specific alkylating 
agents ImPyPy-y-ImPyLDu 36 (13) and ImPyPy-y-ImPyPyLDu 36 (14) (Figure 9). In 
general, a high correlation coefficient (r=0.75 to 1.0) is known to be obtained when 
comparing the fingerprint patterns between the drugs whose action mechanisms are 
analogous to each other, and in fact an extremely high analogy was observed among a 
DNA intercalator, doxorubicin, daunorubicin and epirubicin. However, Compounds 

13 and 14 exhibited a considerably low correlation of the fingerprint patterns (r=0.60) in 
spite of being the same DNA minor group and having the same reaction mechanism by 
which the N3 position of adenine and guanine is alkylated. The influence on the 
cytostatic activity attributable only to the difference in the base sequence-recognizing 
ability in spite of the analogy in the structure as observed with these Compound 13 and 

14 has never been reported, and thus is one of the most important findings. These 
results mean that the anti-cytostatic activity can be altered by imparting an alkylating 
agent with a sequence selectivity and suggest that a way to a novel anti-cancer agent or 
gene therapy will be provided. 

DNA-alkylating agents are referred to as first generation anti-cancer agents and 
many agents such as mitomycin, cisplatin, nitrogen mustard, cyclophosphamide have 
been developed and are used clinically in these' days. Nevertheless, they involve 
problems which are difficult to be solved such as severe side effects on normal cells, 
and their development is now retarded. Accordingly, a metabolism antagonist such as 
methotrexate or 5-fluorouracil, a topoisomerase inhibitor such as camptotecin and an 
anti-cancer agent targeting tubulin rather than DNA such as taxol are now in the 
mainstream of the development. By imparting a DNA-alkylating agent with a DNA 
base sequence specificity whereby selectively controlling the expression of a specific 
gene, a way to the development of a tailor-made anti-cancer agent having no side effects 
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will be provided. 



The entire description in Japanese Application number 2002-063608 is herein 
incorporated accordingly. 

EXAMPLES 

The invention is further described in the following EXAMPLES which are not 
intended to restrict the invention. 

EXAMPLE 1 Synthesis of S'-texas red-labeled 450 base pair DNA 

A DNA fragment (pUC-F) was synthesized by a PCR method using pUC 1 8 as 
a template together with a 5'-texas red-labeled 20 base pair primer: 
5 , -AGAATCAGGGGATAACGCAG-3 , (pUC 18 forward, 780-799) and 20 base pair 
primer: 5 , -TTACCAGTGGCTGCTGCCAG-3 , (pUC18 reverse, 1459-1478). The 
resultant DNA fragments were purified by filtration through a Suprec-02, and then 
examined for the UV absorption to determine the respective concentrations. 

A .DNA fragment (pUC-II) was synthesized by a PCR method using pUC 18 as 
a template together with a 5'-texas red-labeled 21 base pair - primer: 
S'-TGCTGGCCTTTTGCTCACArG^' (pUC 18 reverse, 1861-1881) and 18 base pair 
primer: 5 '-TGTAAAACGACGGCC AGT-3 1 (pUC18 forward, 378-395). The resultant 
DNA fragments were purified by filtration through a Suprec-02, and then examined for 
the UV absorption to determine the respective concentrations. 

EXAMPLE 2 Polyacrylamide gel electrophoresis analysis 

To 10 \i\ in total of 5mM sodium phosphate buffer (pH7.0), a standard reaction 
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solution containing lOnM of. the DNA fragment (pUC-F) whose 5-terminal had been 
labeled with the texas red, 10% (v/v) DMF and an agent at the concentration indicated 
in Fig^ire 1 was added in a microcentxifugation tube (Eppendorf) and allowed to stand 
for 24 hours at 23°C. 

[Lanes 1-4, 100, 50, 25, 12.5nM (1); Lanes 5-8, 100, 50, 25, 12.5nM (12); Lanes 9-12, 
100, 50, 25, 12.5nM (13); Lanes 13-16, 100, 50, 25, 12.5nM (14); Lane 17, DNA 
control] 

A bovine thymus DNA (ImM, 1 |jL) was added for quenching, and the mixture 
was shaken for 5 minutes at 90°C. The DNA obtained by centrifugation under reduced 
pressure was combined with 8 ^1 of a loading color (solution of *FUGENE* Red in 
DMF) and dissolved, and then shaken for 20 minutes at 94°C. Immediately after this, 
the mixture was cooled rapidly to 0°C, and a 2 [il aliquot was subjected to an 
electrophoresis on a 6% denature polyacrylamide gel using a HITACHI 5500-S DNA 
sequencer system. The results are shown in Figure 1 . 

EXAMPLE 3 Polyacrylamide gel electrophoresis analysis 

To 10 \il in total of 5mM sodium phosphate buffer (pH7.0), a standard reaction 
solution containing lOnM of the DNA fragment (pUC-I') whose S'-terminal had been 
labeled with the texas red, 10% (v/v) DMF and an agent at the concentration indicated 
in Figure 2 was added in a microcentrifugation tube (Eppendorf) and allowed to stand 
for 5 minutes, 1 hour and 2 hours, respectively at 23 °C. 

[Lanes 1, DNA control, Lanes 2-4, 100, 50, 25nM (13), Lanes 5-7, 100, 50, 25nM (13); 
Lanes 8-10, 100, 50, 25nM (13); Lanes 11-13, 100, 50, 25nM (1)] 

After each reaction time, a bovine thymus DNA (ImM, 1 nL) was added for 
quenching, and the mixture was shaken for 5 minutes at 90°C. The DNA obtained by 
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centrifiigation under reduced pressure was combined with 8 |al of a loading color 
(solution of *FUGENE* Red in DMF) and dissolved, and then shaken for 20 minutes at 
94°C. Immediately after this, the mixture was cooled rapidly to 0°C, and a 2 [il aliquot 
was subjected to an electrophoresis on a 6% denature polyacrylamide gel using a 
HITACHI 5500-S DNA sequencer system. The results are shown in Figure 2. 

EXAMPLE 4 Analysis of alkylation reaction on DNA oligomer 

A DNA oligomer synthesized by a DNA synthesizer was employed. To 50 |il 
in total of 50mM sodium cacodylate buffer (pH7.0), a standard reaction solution 
containing ISOjiM of the double-stranded DNA fragment, 10% (v/v) DMF and each 
agent of Compounds l, 12, 13 and 14 (150^iM) was added in a microcentrifugation tube 
(Eppendorf) and allowed to stand at 23 °C. 

The advancement of the reaction was ensured by an HPLC using a 
♦CHEMCOBOND* 5-ODS-H column (4.6 x 150 mm). The HPLC conditions are 
shown below. 

[Linear gradient of 50mM ammonium formate:0-50% acetonitrile (0 to 40 min), flow 
rate: 1 .0 mL/min, 254 nm] 

The results are shown in Figure 3. 

EXAMPLE 5 Polyacrylamide gel electrophoresis analysis 

To 10 \il in total of 5mM sodium phosphate buffer (pH7.0), a standard reaction 
solution containing lOnM of the DNA fragment (pUC-II) whose 5'-tenninal had been 
labeled with the texas red, 10% (v/v) DMF and an agent at the concentration indicated 
in Figure 4 was added in a microcentrifugation tube (Eppendorf) and allowed to stand 
for 24 hours at 23 °C. 
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[Lane 1, DNA control; Lanes 2-7, 50, 25, 12.5, 10, 7.5, 5, 2.5 nM (15); Lanes 8-13, 50, 
25, 12.5, 10, 7.5, 5, 2.5 nM (16); Lanes 14-19, 50, 25, 12.5, 10, 7.5, 5, 2.5 nM (14)] 

A bovine thymus DNA (ImM, 1 jiL) was added for quenching, and the mixture 
was shaken for 5 minutes at 90°C. The DNA obtained by centrifugation under reduced 
pressure was combined with 8 |il of a loading color (solution of *FUGENE* Red in 
DMF) and dissolved, and then shaken for 20 minutes at 94°C. Immediately after this, 
the mixture was cooled rapidly to 0°C, and 2 fil aliquot was subjected to an 
electrophoresis on a 6% denature polyacrylamide gel using a HITACHI 5500-S DNA 
sequencer system. The results are shown in Figure 4. 

EXAMPLE 6 Polyacrylamide gel electrophoresis analysis 

To 10 jil in total of 5mM sodium phosphate buffer (pH7.0), a standard reaction 
solution containing lOnM of the DNA fragment (pUC-II) whose S'-terminal had been 
labeled with the texas red, 10% (v/v) DMF and an agent at the concentration indicated 
in Figure 5 was added in a microcentrifugation tube (Eppendorf) and allowed to stand 
for 24 hours at 23 °C. 

[Lanes 1-5, 50, 25, 12.5, 6.3nM (16); Lanes 6-10, 50, 25, 12.5, 6.3 nM (23)] 

A bovine thymus DNA (ImM, 1 |iL) was added for quenching, and the mixture 
was shaken for 5 minutes at 90°C. The DNA obtained by centrifugation under reduced 
pressure was combined with 8 |xl of a loading color (solution of *FUGENE* Red in 
DMF) and dissolved, and then shaken for 20 minutes at 94°C. Immediately after this, 
the mixture was cooled rapidly to 0°C, and 2 |il aliquot was subjected to an 
electrophoresis on a 6% denature polyacrylamide gel using a HITACHI 5500-S DNA 
sequencer system. The results are shown in Figure 5. 
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EXAMPLES 7 to 9 Synthesis of Compounds 12, 13 and 14 

According to the reaction scheme 1, Compounds 12, 13 and 14 were 
synthesized. 

(1) Synthesis of AdmPyPy-y-C0 2 CH 3 (4> 

To a solution of Compound 2 (1.0 g, 3.72 mmol) in a mixture of methanol and 
ethyl acetate (1:1, 30 mL), 10% palladium-carbon (220 mg) was added and the mixture 
was stirred for 3 hours at room temperature under a hydrogen atmosphere. The 
catalyst was filtered off through Celite, and the filtrate was concentrated to obtain a 
crude amine (859 mg), which was used in the next reaction without further purification. 
The crude amine (859 mg, 3.59 mmol) was dissolved in 15 ml of DMF, to which 
Compound 3 (820 mg, 2.69 mmol) and FDPP: pentafluorophenyldiphenyl phosphinate 
(1.70 g, 4.42 mmol) were added and then ^NEt: diisopropylethylamine (1.54 mL, 
8.84 mmol) was added. The reaction mixture was stirred for 24 hours at room 
temperature, and the solvent in the reaction solution was distilled off to obtain a residue, 
which was purified by a column chromatography on a silica gel (eluted with the 
gradient of 0 to 10% MeOH/CHCl 3 ) to obtain Compound 4 (1.33 g) at the yield of 94%. 
X HNMR (DMSO-d 6 ) 5 10.23 (s, 1H), 9.94 (s, 1H), 9.88 (s, 1H), 8.02 (brt, 1H), 7.42 (s, 
1H), 7.27 (d, J= 1.5 Hz, 1H),~7.17 (d, J= 1.5 Hz, 1H), 7.12 (d, J= 1.5 Hz, 1H), 6.87 (d, 
J= 1.5 Hz, 1H), 3.95 (s, 3H), 3.85 (s, 3H), 3.80 (s, 3H), 3.59 (s, 3H), 3.16 (dt, J= 6.0, 7.0 
Hz, 2H), 2.34 (t, J= 7.0 Hz, 2H), 2.03 (s, 3H), 1.74 (qu, J= 7.0 Hz, 2H). 
ESMS m/e calcd for C 2 4 H 3 X N B 0 6 (M+H) 527.2, found 527.1. 

(2) Synthesis of AcImPyPy-y-C0 2 H (5) 

Compound 4 (1.33 g, 2.52 mmol) was suspended in 50 ml of distilled water, 
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and combined with sodium hydroxide (800 mg, 20 mmol). The mixture was stirred for 
24 hours at room temperature, treated with a 10% aqueous solution of HC1 at 0°C to 
make acidic (pH2). The precipitate formed was recovered by filtration, washed ^yith 
water, dried to obtain Compound 5 (1.10 g) at the yield of 85%. 
*H NMR (DMSO-d 6 ) 5 10.24 (s, 1H), 9.95 (s, 1H), 9.89 (s, 1H), 8.02 (brt, 1H), 7.42 (s, 
1H), 7.26 (d, J= 1.5 Hz, 1H), 7.17 (d, J= 1.5 Hz, 1H), 7.11 (d, J= 1.5 Hz, 1H), 6.86 (d, 
J= 1.5 Hz, 1H), 3.94 (s, 3H), 3.84 (s, 3H), 3.78 (s, 3H), 3.17 (dt, J= 6.0, 7.0 Hz, 2H), 
2.24 (t, J= 7.0 Hz, 2H), 2.01 (s, 3H), 1.79 (qu, J= 7.0 Hz, 2H). 
ESMSm/ecalcdforC 23 H 29 N 8 0 6 (M+H) 513.2, found 513.3. 

(3) Synthesis of N0 2 ImPyPyLC0 2 CH2CH3 (8c) 

To a solution of Compound 6 (500 mg, 2.23 mmol) in a mixture of methanol 
and ethyl acetate (1:1, 20 mL), a 10% palladium-carbon (200 mg) was added. After 
adding a suspension of sodium borohydride (170 mg, 4.47 mmol) suspended in distilled 
water (1 ml) dropwise at 0°C, the reaction mixture was stirred for 20 minutes at room 
temperature under a nitrogen atmosphere. The catalyst was filtered off through a silica 
gel, and the filtrate was concentrated to obtain a crude amine (418 mg), which was used 
in the next reaction without further purification. The crude amine (418 mg, 2.15 mmol) 
was dissolved in 14 ml of DMF, to which Compound 7 (330 mg, 1.13 mmol) and FDPP: 
pentafluorophenyldiphenyl phosphinate (1.3 g, 3.39 mmol) were added and then 
■Pr 2 NEt: diisopropylethylamine (1.18 mL, 6.78 mmol) was added. The reaction 
mixture was stirred for 20 hours, and the solvent in the reaction solution was distilled 
off to obtain a residue, which was purified by a column chromatography on a silica gel 
(eluted with the gradient of 0 to 10% MeOH/CHCl 3 ) to obtain Compound 8c (359 mg) 
at the yield of 83%. 
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l H NMR (DMSO-d 6 ) 5 10.86 (s, IK), 9.98 (s, 1H), 8.61 (s, 1H), 7.51 (d, J= 16.0 Hz, 
IK), 7.41 (s, IK), 7.30 (s, IK), 7.22 (s, 1H),6.74 (s, 1H), 6.07 (d, J= 16.0 Hz, 1H), 4.14 
(q, J= 7.0 Hz, 2H), 4.05 (s,3H), 3.85 (s, 3H), 3.68 (s, 3H), 1.23 (t, J= 7.0 Hz, 3H). 
ESMS m/e calcd for C 2 jH 2 4 N 7 0 6 (M+H) 470.2, found 470. 1 . 

(4) Synthesis of AcImPyPy-y-ImPyPyCOzCHs (9a) 

to a solution of Compound 8a (200 mg, 0.466 mmol) in a mixture of methanol 
and ethyl acetate (1:1, 8 mL), a 10% palladium-carbon (100 mg) was added and the 
mixture was stirred for 5 hours at room temperature under a hydrogen atmosphere. 
The catalyst was filtered off through Celite, and the filtrate was concentrated to obtain a 
crude amine (178 mg), which was used in the next reaction without further purification. 
The crude amine (178 mg, 0.446 mmol) was dissolved in 2 ml of DMF, to which 
Compound 5 (190 mg, 0.373 mmol) and FDPP: pentafluorophenyldiphenyl phosphinate 
(268 mg, 0.699 mmol) were added and then 'Pr^NEt: dnsopropylethylamine (0.243 mL, 
1.39 mmol) was added. The reaction mixture was stirred for 16 hours at room 
temperature, and the solvent in the reaction solution was distilled off to obtain a residue, 
which was purified by a column chromatography on a silica gel (eluted with the 
gradient of 0 to 10% MeOH/CHCl 3 ) to obtain Compound 9a (154,5 mg) at the yield of 
49%. 

>H NMR (DMSO-d 6 ) 5 10.26 (s, 1H), 10.23 (s, IK), 9.99 (s, 1H), 9.96 (s, IK), 9.94 (s, 
IK), 9.90 (s, 1H), 8.02 (brt, IK), 7.45 (s, IK), 7.42 (s, 2H), 7.26 (s, 2H), 7.17 (s, IK), 
7.14 (s, IK), 7.12 (s, 1H), 6.89 (s, IK), 6.88 (s, IK), 3.94 (s, 6H), 3.84 (s, 3H), 3.83 (s, 
3H),3:82 (s, 3H), 3.81 (s, 3H), 3.79 (s, 3H), 3.20 (m, 2H), 2.35 (m, 2H), 2.01 (s, 3H), 
1.78 (m,2H). 

ESMS m/e calcd for C 4 jH 4 e N l 5 0 9 (M+H) 894.4, found 894.3. 
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(5) Synthesis of AcLnPyPy-y-ImPyLCOa^CIfc (9b) 

To a solution of Compound 8b (68 mg, 0.20 mmol) in a mixture of methanol 
and ethyl acetate (1:1, 4 mL), a 10% palladium-carbon (30 mg) was added. After 
adding a suspension of sodium borohydride (20 mg, 0.528 mmol) suspended in distilled 
water (0.2 ml) dxopwise at 0°C, the reaction mixture was stirred for 20 minutes at room 
temperature under a nitrogen atmosphere. The catalyst was filtered off through a silica 
gel, and the filtrate was concentrated to obtain a crude amine (60 mg), which was used 
in the next reaction without further purification.- The crude amine (60 mg, 0.189 
mmol) was dissolved in 0.6ml of DMF, to which Compound 5 (97 mg, 0.189 mmol) and 
FDPP: pentafluorophenyldiphenyl phosphinate (109 mg, 0.284 mmol) were added and 
then l Pr 2 NEt: diisopropylethylamine (99 \iL 9 0.568 mmol) was added. The reaction 
mixture was stirred for 18 hours and the solvent in the reaction solution was distilled off 
to obtain a residue, which was purified by a column chromatography on a silica gel 
(eluted with the gradient of 0 to 10% MeOH/CHCl 3 ) to obtain Compound 9b (107 mg) 
at the yield of 69%. 

X H NMR (DMSO-d 6 ) 5 10.27 (s, 1H), 10.23 (s, 1H), 9.95 (s,lH), 9.89 (s, 2H), 8.01 (hit, 
1H), 7.51 (d, J= 16.0 Hz, 1H), 7.45 (s, 1H), 7.43 (d, J= 1.0 Hz, 1H), 7.42 (s, 1H), 7.27 
(d, J= 1.0 Hz, 1H), 7.17(d, J= 2.0 Hz, 1H), 7.12 (d, > 2.0 Hz, 1H), 6.89 (d, J= 2.0 Hz, 
1H), 6.83 (d, J= 2.0 Hz, 1H), 6.11 (d, J= 16.0 Hz, 1H), 4.15 (q, J= 7.0 Hz, 2H),3.95 (s, 
3H), 3.94 (s, 3H), 3.85 (s, 3H) S 3.80 (s, 3H), 3.69 (s, 3H), 3.20 (dt, J= 5.5, 7.0 Hz, 2H), 
2.36 (t, J= 7.0 Hz, 2H), 2.02 (s, 3H), 1.79(q, J= 7.0 Hz, 2H), 1.24 (t, J= 7.0 Hz, 3H). 
ESMSm/ecalcdforC 38 H 46 N 13 0 8 (M+H) 812.4, found 812.3. 

Compounds 7 and 8 used as starting materials in the section (3) described 
above, Compound 8a used as a starting material in the section (4) described above and 
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Compound 8b used as a starting material in the section (5) described above were 
synthesized in accordance with the description in J. Am. Chem. Soc. 1999, 121, 4961 
and J. Am. Chem. Soc. 2000, 122, 1602 and the like. 

(6) Synthesis of AcImPyPy-y-ImPyPyLC02CH 2 CH 3 (9c) 

Compound 9c was obtained by the synthetic procedure similar to that for 
Compound 9b at the yield of 28%. 

1 H NMR (DMSO-d 6 ) 5 10.26 (s, 1H), 10.23 (s, 1H), 9.97 (s,lH), 9.95 (s, 1H), 9.94 (s, 
1H), 9.89 (s, 1H), 8.02 (bit, 1H), 7.52 (d, J= 16.0 Hz, 1H), 7.46 (s, 1H), 7.42 (s, 1H), 
7.41 (s, 1H), 7.27 (s, 2H),7.17 (s, 1H), 7.15 (s, 1H), 7.13 (s, 1H), 6.90 (s, 1H), 6.75 (s, 
1H), 6.08 (d, J= 16.0 Hz, 1H), 4.15 (q, J= 7.0 Hz, 2H), 3.95 (s, 3H), 3.94 (s, 3H), 3.85 (s, 
3H), 3.84 (s, 3H), 3.80 (s, 3H), 3.69 (OH), 3.21 (m, 2H), 2.36 (m, 2H), 2.02 (s, 3H), 
1.79 (m, 2H), 1.24 (t, J= 7.0 Hz, 3H). 

ESMS m/e calcd for C 4 4 H 5 2 N j 5 0 9 (M+H) 934.4, found 934.4. 

(7) Synthesis of AcImPyPy-y-ImPyPyCChH (10a) 

To a suspension of Compound 9a (154.5 mg, 0.181 mmol) in 0.6 ml of distilled 
water, l,8-diazabicyclo[5.4.0]-7-undecene (DBU) (0.2 ml, 1.34 mmol) was added. 
This reaction mixture was stirred for 2 hours, treated with 1% aqueous solution of HC1 
at 0°C to make acidic (pH2). The precipitate formed was recovered by filtration, 
washed with water, dried to obtain Compound 10a (131.5 mg) at the yield of 86%. 
*H NMR (DMSO-d s ) 8 10.25 (s, 1H), 10.23 (s, 1H), 9.97 (s, 1H), 9.95 (s, 1H), 9.90 (s, 
1H), 9.89 (s, 1H), 8.02 (brt, 1H), 7.45 (s, 1H), 7.41 (s, 2H), 7.26 (s, 2H), 7.17 (s, 1H), 
7.12 (s, 2H), 6.89 (s, 1H), 6.84 (s, 1H), 3.94 (s, 6H), 3.84 (s, 3H), 3.83 (s, 3H), 3.81 (s, 
3H),3.79 (s, 3H), 3.18 (m, 2H), 2.35 (m, 2H), 2.01 (s, 3H), 1.78 (m, 2H). 
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ESMS m/e calcdfor C^H^Nj 5 0 9 (M+H) 880.4, found 880.4. 

(8) Synthesis of AcImPyPy-y-ImPyLC0 2 H (10b) 

To a suspension of Compound 9b (143 mg, 0.176 mmol) in 0.6 ml of distilled 
water, DBU (0.6 ml, 4.01 mmol) was added. This reaction mixture was stirred for 6 
hours, and then the solvent was distilled off to obtain a residue, which was washed with 
diethyl ether and ethyl acetate. After purification by a column chromatography on a 
silica gel (eluted with the gradient of 0 to 20% MeOH/CHCl 3 ), a crude crystalline 
carboxylate was made acidic with 1% acetic acid. The precipitate formed was 
recovered by filtration, washed with water and dried to obtain Compound 10b (70 mg) 
at the yield of 51%. 

*H NMR (DMSO-d 6 ) 5 10.27 (s, 1H), 10.23 (s, 1H), 9.95 (s, 1H), 9.89 (s, 2H), 8.02 
(brt, 1H), 7.46 (d, J= 16.0 Hz, 1H), 7.45 (s, 1H), 7.42 (s, 1H), 7.41 (s, 1H), 7.27 (d, J= 
2.0 Hz, 1H), 7.17 (s, 1H), 7.13 (d, J= 2.0 Hz, 1H), 6.89 (d, J= 2.0 Hz, 1H), 6.80 (d, J= 
2.0 Hz, 1H),6.03 (d, J= 16.0 Hz, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 3.85 (s, 3H), 3.80(s, 
3H), 3.68 (s, 3H), 3.21 (m, 2H), 2.36 (m, 2H), 2.03 (s, 3H), 1.79 (m,2H). 
ESMS m/e calcd for C 3 6 H 4 2 N x 3 0 8 (M+H) 784.3, found 784.3. 

(9) Synthesis of AcImPyPy-y-ImPyPyLC0 2 H (1 0c) 

Compound 10c was obtained at the yield of 50% by the synthetic procedure 
similar to that for Compound 10b using Compound 9c instead of Compound 9b. 
>H NMR (DMSO-d 6 ) 5 10.24 (s, 1H),' 10.21 (s, 1H), 9.95 (s, 1H), 9.93 (s, 1H), 9.91 (s, 
1H), 9.88 (s, 1H), 8.01 (brt, 1H), 7.45 (d, J= 16.0 Hz, 1H), 7.44 (s, 1H), 7.41 (s, 1H), 
7.37 (s, 1H), 7.26 (s, 2H),7.16 (s, 1H), 7.12 (s, 1H), 7.11 (s, 1H), 6.88 (s, 1H), 6.70 (s, 
1H), 5.99 (d, J= 16.0 Hz, 1H), 3.94 (s, 6H), 3.84 (s, 6H), 3.79 (s, 3H), 3.66 (s, 3H), 3.20 
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(m, 2H), 2.35 (m, 2H), 2.01 (s, 3H), 1.78 (m, 2H). 

ESMS m/e calcd for C 4 2 H 4 8 N j s O 9 (M+H) 906.4, found 906.3. 

(10) Synthesis of AcImPyPy-y-ImPyPyCOIm (11a) 

Compound 10a (10 mg, 11.3 umol) was dissolved in DMF (0.2 ml) and 
combined with 1 J'-caxbonyldiimidazole (3.5 mg, 22.0 umol). This reaction mixture 
was stirred for 5 hours at room temperature. The solvent was distilled off under 
reduced pressure to obtain a yellow residue, which was washed three times with diethyl 
ether (5 ml) to obtain Compound 1 1 a (1 0 mg) at the yield of 95%. 
J H NMR (DMSO-d 6 ) 5 10.25 (s, 1H), 10.23 (s, 1H), 10.06 (s,lH), 10.03 (s, 1H), 9.96 
(s, 1H), 9.90 (s, 1H), 8.26 (s, 1H), 8.01 (brt,lH), 7.77 (s, 1H), 7.69 (s, 1H), 7.45 (s, 1H), 
7.41 (s, 1H), 7.26 (s, 2H), 7.20 (s, 1H), 7.17 (s, 1H), 7.13 (s, 2H), 6.95 (s, 1H), 6.89 (s, 
1H),3.94 (s, 6H), 3.90 (s, 3H), 3.85 (s, 3H), 3.84 (s, 3H), 3.79 (s, 3H), 3.20 (m, 2H), 
2.35 (m, 2H), 2.01 (s, 3H), 1.78 (m, 2H). 

ESMS m/e calcd for C 4 3 H 48 N! 7 0 8 (M+H) 930.4, found 930.3. 

(11) Synthesis of AcImPyPy-y-ImPyLCOIm (lib) 

Compound lib was obtained at the yield of 94% by the synthetic procedure 
similar to that for Compound 11a using Compound 10b instead of Compound 10a. 
*H NMR (DMSO-d 6 ) 5 10.26 (s, 1H), 10.23 (s, 1H), 10.08 (s,lH), 9.95 (s, 1H), 9.89 (s, 
1H), 8.68 (s, 1H), 8.02 (bit, 1H), 7.90 (s, 1H), 7.87 (d, J= 15.0 Hz, 1H), 7.63 (s, 1H), 
7.49 (s, 1H), 7.47 (s, 1H),7.42 (s, 1H), 7.31 (s, 1H), 7.27 (s, 1H), 7.18 (s, 1H), 7.14 (d, 
J= 15.0Hz, 1H), 7.13 (s, 1H), 6.90 (s, 1H), 3.96 (s, 3H), 3.95 (s, 3H), 3.86 (s,3H), 3.81 
(s, 3H), 3.78 (s, 3H), 3.21 (m, 2H), 2.37 (m, 2H), 2.02 (s, 3H), 1.80 (m, 2H). 
ESMS m/e calcd for Ca^H^N! s 0 7 (M+H) 834.4, found 834.3. 
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(12) Synthesis of AcImPyPy-y-ImPyPyLCOIm (11c) 

Compound 11c was obtained at the yield of 94% by the synthetic procedure 
similar to that for Compound 1 la using Compound 10c instead of Compound 10a. 
X H NMR (DMSO-d 6 ) 5 10.24 (s, 1H), 10.21 (s, 1H), 10.04 (s, 1H), 9.99 (s, 1H), 9.94 (s, 
1H), 9.88 (s, 1H), 8.66 (s, 1H), 8.01 (brt, 1H), 7.89 (s, 1H), 7.87 (d, J= 15.0 Hz, 1H), 
7.63 (s, 1H), 7.47 (s, 1H),7.45 (s, 1H), 7.41 (s, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 7.22 (s, 
1H), 7.16 (s, 1H), 7.13 (d, J= 15.0 Hz, 1H), 7.11 (s, 1H), 7.09 (s, 1H), 6.89 (s, 1H), 3.95 
(s, 3H), 3.94 (s, 3H), 3.86 (s, 3H), 3.84 (s, 3H), 3.79 (s,3H), 3.77 (s, 3H), 3.20 (m, 2H), 
2.35 (m, 2H), 2.01 (s, 3H), 1.79 (m, 2H). 

ESMSm/ecalcdforC 45 H 50 N 17 0 8 (M+H) 956.4, found 956.5. 

(13) Synthesis of AcImPyPy-y-ImPyPyCPI (12) 

To an anhydrous DMF (0.1 ml) solution of sodium hydride (3.0 mg, 75 nmol, 
60% suspension in mineral oil), an anhydrous DMF (0.1 ml) solution of the segment A 
of the DU86 (3.7 mg, 14.5 [imol) was added and then an anhydrous DMF (0.1 ml) 
solution of Compound 11a (10 mg, 10.7 jimol) was added at 0°C, and the reaction 
mixture was stirred for 1 hour at 0°C. The reaction was quenched by adding 50 mM 
sodium phosphate buffer (2 mL, pH6.86) at 0°C, and the solvent was distilled off under 
reduced pressure to obtain a yellow residue. This crude crystal was purified by a 
column chromatography on a silica gel , (eluted with the gradient of 0 to 5% 
MeOH/CHCl 3 ) to obtain Compound 12 (5.7 mg) at the yield of 49%. After a further 
purification by an HPLC using a *CHEMCOBOND* 5-ODS-H column (eluted with a 
linear gradient of 0.1% AcOH/CH 3 CN 0-50%, 35.1 min/40 min, 254 nm), the resultant 
Compound 12 was used in the DNA alkylation reaction described above. 
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*H NMR (DMSO-d 6 ) 8 12.37 (brs, IK), 10.25 (s, 1H), 10.22 (s,lH), 9.96 (s, 1H), 9.94 
(s, IK), 9.93 (s, IK), 9.88 (s, 1H), 8.01 (brt, 1H), 7.44 (s, 2H), 7.41 (s, IK), 7.25 (s, 2H), 
7.16 (s, 1H), 7.14 (s, IK), 7.12 (s, 1H), 6.88 (s, IK), 6.70 (s, IK), 6.14 (s, 1H), 4.22 (m, 
1H),4.08 (m, 1H), 3.94 (s, 6H), 3.84 (s, 6H), 3.79 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 
3.42 (m, IK), 3.21 (m, 2H), 2.41 ( S) 3K), 2.34 (m, 2H), 2.17(m, 1H), 2.01 (s, 3H), 1.78 
(m,2H), 1.41 (m, 1H). 

ESMSm/ecalcdforCs^saN^On (M+H) 1120 ; 4, found 1120.5. 

(14) Synthesis of AcImPyPy-y-ImPyLCPI (13) 

Compound 13 was obtained at the yield of 50% by the synthetic procedure 
similar to that for Compound 12 using Compound lib instead of Compound 11a. 
After a further purification by an HPLC using a * CHEMCOBOND * 5-ODS-H column 
(eluted with a linear gradient of 0.1% AcOH/CH 3 CN 0-50%, 32.9 min/40 min, 254 nm), 
the resultant Compound 13 was used in the DNA alkylation reaction described above. 
>H NMR (DMSO-d 6 ) 5 12.18 (brs, IK), 10.26 (s, IK), 10.22 (s, IK), 10.19 (s, IK), 
9.94 (s, IK), 9.89 (s, IK), 8.02 (brt, IK), 7.57(d, J= 15.0 Hz, 1H), 7.46 (s, 1H), 7.42 (s, 
IK), 7.34 (s, 1H), 7.27 (s, 1H), 7.18 (s, IK), 7.13 (s, IK), 6.98 (s, 1H), 6.89 (s, 1H), 
6.58 (d, J=15.0 Hz, 1H), 5.96 (s, IK), 4.28 (m, 1H), 4.15 (m, 1H), 3.95 (s, 6H), 3.85 (s, 
3H), 3.80 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 3.54 (m, 1H), 3.20(m, 2H), 2.46 (s, 3H), 
2.36 (m, 2H), 2.09 (m, IK), 2.02 (s, 3H), 1.79 (m, 2H), 1.29 (m, 1H). 
ESMS m/e calcd for C 5 0 H 5 4 Nj s O j 0 (M+H) 1024.4, found 1024.4. 

(15) Synthesis of AcImPyPy-y-ImPyPyLCPI (14) 

Compound 14 was obtained at the yield of 51% by the synthetic procedure 
similar to that for Compound 12 using Compound 11c instead of Compound 11a. 



33 



After a further purification by an HPLC using a *CHEMCOBOND* 5-ODS-H column 
(eluted with a linear gradient of 0.1% AcOH/CH 3 CN 0-50%, 36.8 min/40 min, 254 nm), 
the resultant Compound 14 was used in the DNA alkylation reaction described above. 
*H NMR (DMSO-d 6 ) 5 12.37 (brs, 1H), 10.26 (s, 1H), 10.22 (s,lH), 10.19 (s, 1H),'9.97 
(s, 1H), 9.94 (s, 1H), 9.89 (s, 1H), 8.02 (brt,lH), 7.58 (d, J= 15.0 Hz, 1H), 7.46 (s, 1H), 
7.42 (s, 1H), 7.39 (s, 1H),7.28 (s, 1H), 7.27 (s, 1H), 7.17 (s, 1H), 7.15 (s, 1H), 7.13 (s, 
1H), 6.90 (s, 2H), 6.58 (d, J= 15.0 Hz, 1H), 6.00 (s, 1H), 4.29 (m, 1H), 4.15 (m, 1H), 
3.96 (s, 3H), 3.95 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3.80 (s,3H), 3.73 (s, 3H), 3.72 (s, 
3H), 3.54 (m, 1H), 3.19 (m, 2H), 2.47 (s, 3H), 2.38 (m, 2H), 2.09 (m, 1H), 2.02 (s, 3H), 
1.80 (m,2H), 1.29 (m, 1H). 

ESMSm/ecalcdforCseHBoN^Ou (M+H) 1146.5, found 1146.5. 

EXAMPLES 10 and 11 Synthesis of Compounds 15 and 16 

Compounds 15 and 16 were synthesized as shown in the scheme 2 in 
accordance with the synthetic procedure for Compounds 13 and 14 shown in the 
reaction scheme 1. 

(1) AcImlmPyPy-y-ImPyPyLCPI (1 5): 

J H NMR (DMSO-d 6 )dl0.30 (s, 1H), 10.27 (s, 2H), 10.24 (s, 1H),9.94 (s, 1H), 9.90 (s, 
2H), 9.31 (brs, 1H), 8.00 (brt, 1H), 7.57 (d, J= 14.5 Hz, 1H), 7.56 (s, 1H), 7.50 (s, 1H), 
7.45 (s, 1H), 7.37 (s, 1H),7.27 (s, 2H), 7.17 (s, 1H), 7.15 (s, 2H), 6.89 (s, 2H), 6.55 (d, 
J= 14.5Hz, 1H), 6.48 (s, 1H), 4.26 (m, 1H), 4.18 (m, 1H), 4.00 (s, 3H), 3.97 (s,3H), 3.95 
(s, 3H), 3.85 (s, 3H), 3.80 (s, 6H), 3.72 (s, 3H), 3.71 (s, 3H), 3.50 (m, 1H), 3.16 (m, 2H), 
2.47 (s, 3H), 2.35 (m, 2H), 2.15 (m, 1H),2.03 (s, 3H), 1.79 (m, 2H), 1.30 (m, 1H). 
ESMSm/ecalcdforC 61 H 6S N 20 O 12 (M+H) 1269.5, found 1269.4. 
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(2) H-ImlmPyPy-y-ImPyPyLCPI (16): 

*HNMR (DMSO-d B )dl2.34 (brs, 1H), 10.30 (s, 2H), 10.23 (s,lH), 9.94 (s, 1H), 9.87 (s, 
1H), 9.68 (s s 1H), 8.00 (brt, 1H), 7.57 (d 5 J= 14.5 Hz, 1H), 7.55 (s, 2H), 7.45 (s, 1H), 
7.44 (s, 2H), 7.37 (s, 1H),7.27 (s, 2H), 7.17 (s, 1H), 7.14 (s, 2H), 7.06 (s, 1H), 6.89 (s, 
1H), 6.55 (d, J= 14.5 Hz, 1H), 4.27 (m, 1H), 4.13 (m, 1H), 4.00 (s, 6H), 3.95 (s, 3H), 
3.85 (s, 3H), 3.84 ( S ; 3H), 3.80 (s, 3H), 3.72 (s, 3H), 3.71 (s,3H), 3.45 (m, 1H), 3.15 (m, 
2H), 2.47 (s, 3H), 2.35 (m, 2H), 2.17 (m, 1H), 1.78 (m, 2H), 1.30 (m, 1H). 
ESMS m/e calcd for C 59 H 6 2 N X 9 O x j (M+H) 1212.5, found 1212.5. 

EXAMPLE 1 2 Synthesis of Compound 23 

Compound 23 was synthesized in accordance with the synthetic procedure for 
Compounds 13 to 16 shown in the reaction schemes 1 and 2 except for using 
l,2,9,9a-tetrahydrocyclopropa[c]benz[e]indole-4-one instead of the segment A (Du86) 
of the DU-86 in the final step. 

H-IniImPyPy-y-ImPyPyLCBI(23): 

J H NMR (DMSO-d 6 ) 10.30 (s, 1H), 10.23 (s, 1H), 9.96 (s, 1H),9.95 (s, 1H), 9.90 (s, 
1H), 9.68 (s, 1H), 7.99 (brt, 1H), 7.98 (d, J= 8.0 Hz, 1H), 7.61-6.89 (m, 17H), 6.57 (d, 
J= 15.0 Hz, 1H), 4.33 (m, 1H), 4.28 (m, 1H), 4.00 (s, 6H), 3.94 (s, .3H), 3.85 (s, 3H), 
3.84 (s, 3H), 3.80(s, 3H), 3.72 (s, 3H), 3.68 (m, 1H), 3.18 (m, 2H), 2.35 (m, 2H), 1.79 
(m,2H), 1.70 (m, 1H), 1.55 (m, 1H). 

ESMSm/ecalcdforC 58 H S9 N 18 0 9 (M+H) 1151.5, found 1151.5. 

EFFECT OF THE INVENTION 

The invention relates to a design of a functional molecule having high 
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DNA-alkylating ability and sequence-recognizing ability on a specific base sequence 
existing on a DNA. The base sequence-recognizing ability of such a functional 
molecule can be altered by changing the position of the imidazole-pyrrole in the 
molecule. The only alkylating agent having such a property is the alkylating agent 
developed by the inventors. This fact allows a gene-level drug development leading 
the post-genome period to be realized for the first time whereby providing a drug useful 
against a significant gene sequence in a human genome as well as against a gene 
aberration derived from a disease such as a cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the comparison of the DNA base sequence-specific alkylation 
reaction by Compounds 1, 12 to 14. 

Figure 2 shows the results of the pharmacokinetic evaluation of the 
DNA-alkylating ability of Compounds 1 and 13. 

Figure 3 shows the results of the evaluation of the sequence-specific alkylation 
reaction by Compounds 1, 12 to 14 toward a short chain DNA. 

Figure 4 shows the results of the analysis of the base sequence-specific DNA 
alkylation reaction of Compounds 14 to 16 with the 5 , -TGACCA-3' sequence. 

Figure 5 shows the comparison of the base sequence-specific DNA-alkylating 
ability of Compounds 1 6 and 23 . 

Figure 6 shows the results of the investigation of the gene expression control in . 
a coding region. 

Figure 7 shows the condition of the inhibition of an mRNA transcription in a 
coding region by the sequence-specific alkylation by Compound 13. 

Figure 8 shows the results of the evaluation of the anti-cancer effect in a human 
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cancer cell panel (39 cancer cell lines). 

. Figure 9 shows the results of the evaluation of the cytostatic activity of 
Compounds 13 and 14 on 39 human cancer cell lines. 
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ABSTRACT 



It is intended to provide a pyrrole-imidazole polyamide type functional molecule 
having enhanced abilities of alkylating DNA and recognizing a sequence, compared 
with the existing functional molecules of this type, for a specific base sequence 
occurring on DNA. A hairpin polyamide having an alkylation site via a vinyl linker at 
the end of a pyrrole-imidazole polyamide. Drugs for inhibiting the expression of a 
specific gene and anticancer agents containing the above hairpin polyamide. 



38 



1 



12 13 14 



Sequencing c 
GCTA 1 2 3 4 5 B 7 8 9101 112131415161 7> 



z J " 

m * ** 



S/te7 
SiteB 
SiteS 



1 4 



1 4 



Site 5 ^ SiteB j s/f e 7 

5 1 "CCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGA- 
3 * -GGCCATTGATAGCAGAACTCAGGTTGGGCCATTCTGTGCT- 



1 3 



11- 



r i 5 ; 



111 A 



1 3 



1 4 



Site 4 



1 4 



♦ 



5 ' -CAAGTCAGAGGTGGCGAAACCCGACAGGACTA-3 ' 
3 ' -GTTCAGTCTCCACCGCTTTGGGCTGTCCTGAT-5 • 



_Sjte3 
_Site2 

Site 1 



1 3 



1 4 



Site 1 



Site 2 



5 » -CCTGACGAGCATCACAAAAATCGACGCT-3 1 
3 » -GGACTGCTCGTAGTGTTTTTAGCTGCGA- S 1 



1/9 



FIG.2 



5 min 1 h 2 h 1 h 

Sequencing ^ ^ dL c=L 
GCT A 123456789 10111213 



3 — 



uncleavedDNA 



m ?? A 

im 

-;;s 

5? I S 

=• z 5 3. 



S/fe 7 



S/te 7 5 ' -GTAAGACACGA-3 1 

3 ' -CATTCTGTGCT-5 ' 



100 



Site 3 



Site 1 



Site 1 



+ 



uncleaved 
DNA (%) 

80 




50 



25 

[13] (DM) 



Site 3 



5 1 -CC TGAC GAGCATCACAAAAATCGACGCTCA AGTC AGAG-3 
3 ' -GGACTGCTCGTAGTGTTTTTAGCTGCGAGT TCAGTCTC-5 



2/9 



FIG.3 



(a) 



J 



S'-C A A G T C A G A G-3' (b) 5 '-C AAGTcIgaG-3 
3»-G TTCAGTCT C-5* 



9% (5 min) 
53% (1 h) 
67% (2 h) 



3 f -G TTCAGTCT C-5' 

0% (2 h) 
13%(17h) 



CAAGTCAGAG 



CTCTGACTTG 

CAAGTCAG-AG -j 



CTCTGACTTG 



CAAGTCAGAG 



!_JLJL_LX. 



10 



I 

20 



I 

30 



12 



CAAGTCA-GAG 
I 

12 



JL 



t 

10 



Retention Time (min) 



20 



30 



♦ 



(C) 5'-C AAGTCAGA G-3* (d) 

3'-G TTCAGTCT C-5 f 

75% (5 min) 

CTCTGACTTG 

CAAGTCA-GAG 

13 



Retention Time (min) 



5'-C AAGTCAGA G-3' 

><x>M 

XK>« 14 

3'-G TTCAGTCT C-5' 

0%(5min) 
27% (1 h) 
46% (2 h) 



CAAGTCAGAG 



CTCTGACTTG 



13 

l 



CAAGTCAGAG 



I I i— 

10 20 30 

Retention Time (min) 



CAAGTCAG'AG 



14 



~i i r- 

10-20 30 
Retention Time (min) 



3/9 



FIG.4 



XX>#-*-Ac XK>#-Ac 

drug concentration (final) 
15 16 14 | — ■ 

4. ***** TTTT* • _ . 50, 25, 12.5, 10,7.5, 5,2.5 (nM) 



5 T -AGCTATGACCATGATT-3 1 
3 1 - T C GAT AC T G G T AC T AA - 5 1 



4/9 



FIG.5 



5 1 -AGCTATGACCATGATT-3 1 
3 ' -TCGATACTGGTACTAA-5 1 



drug concentration (final) 



50, 25, 12.5, 6,3(nM) 



Br 



6 h 
Duocarmycin B 2 



HN 



COzCHa 



HO. 



OH 



Y N Vi a segment A of DU-86 



1 3-dihydroxynaphtale] 

i 



HN 




COjCHa 



16 



H Ni 

23 



o 

CBI : 22 



5/9 



FIG.6 



DNA 

Response 
Elements 



mRNA 



Transcription 
Factors 




DNA -Co ding Region 



. one-point 
Alkylation 



RNA Polymerase 



Truncated mRNA 
Transcription 





6/9 



FIG. 7 




-CTTGACTTC A 3' 

eo-o 

GAACTGAAG T 5* 

^ templaete DNA 



387 nt 



Transcripts with polyamide 



Full length RNA (897 nt) 



Truncated RNA 




Authentic 
Truncated RNA 
I 



423 nt 
— 393 nt 
368 nt 




7/9 



FIG.8 




8/9 



FIG.9 




